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A NE1!TRON (X)lWEIt FOR SMALL SAM P1.li S*

A!xifui

The Invenm-y Sample Counter Mcdel IV is Ihe mcrs[
lecent ncurrmr coincidence coumer spmfrcally designed 10
measure small samples, We used a combination of mca-
surernen[ eqxr-icnce isnu Monte Carlo modeling [n design a
neurron courtier [his[ cfin provide rneirsuremerrl resul[s with
w-r iswurircy of 0.5% or Lx31cr. Some ;Ipplic:uiorrs incmporme
u high-resolution detector in[o the neutron counter, This
allows Ihe simultaneous measurement of [he plulwriurl iso-
topics u\ing thc$assive gammu-ruy cmissiorr mrd the mea-
suremem of Ihe L4[)Pu effeclive muss using [he passive neu-
tron emission, “IIIc twrr msuhs :tre [hen cornbirwd m yisld the
plulmrium mass.

‘Ilw lnvrmq Smnple (’oumer ( IN VS ) was developed 1[~
:Iss:ly small plultmimn s;lmplcs hy pilSSIVe ueulron c’t~int’i-
(Icnrc cxmnling. !inl:lll snmplrs [ypwally h:lvc Iilllc induced
lllulli[}li~.:111[~11,‘Iluxcl(wc, thu u{llnuidrncc nw:lsurcmcni.. m
Irss scnsi[lvc 10 ((t, u) il]lpulilics iu Ihc \illlll)lt\,
(’ImrqucINly. thr INVS lms Ihc cap:wily m pnwide mca
wmcmcn[s wllh Irss Iuw [ban is wlnwlinlcs IIllscrvIA in ncu.

Irou meawrcnwnis 4}1I;ugc samples.
Ilsc (~1INVS by IIW Illlmrlilltollill AUM]IIC I{nq!y /fgLmIIt.y

(l Al[)\) thrfwgla)lu Ihc wtwld IMS (Icnrn]lislr:mxl Ihc prm.[lc:ll
ity (d’ lhc Ilwasllrmnclll .xmccpl Jml dcl’inrd crltrrl:l lhal
glll(lC(l lhL’ Impnwmrnl ld’ lhc’ lllCilhllrl”lll(”lll l.tmrcpl, “Ilw
c[mnlcr llilS k-n up~rwld lhrrr Illncs /l ,2, V: Ihls Is Ihr
l{milh vrrslflll :d [ht. h:mlw:lrf Wr h;lvc Inc(qxlr;llr(l (w

U.IWIIVII(I” WI III Ihr Iirw llIrrc vrnitm~ IIIU~ IIw ulltmklm ml
llil~c US(’(1 IIIC I,I)s AIUI]N)S lr;mqNm ltulr 51(”NIP /,1/ II) EIII(IC
IIIL’ d(wl~ll Illllllllvl’lllrll ls,

MkSUIWUUluuiUiQll

M{ ’NI) W:IS uswl l,) \imulillu Ilw INVS c(mnmr Iilr IIIC
tlrki~fl oplilll17iltll)n ( ‘Il:lr:l(’lrrlsll(’k ~uull JS ‘Ilc {lrtct”l(~r
lrnglh, plm’rltwut. ml nlmlln’r: c;lrln)u M’lrLl(m, c:klnlllml
lIIm\, Illr cIMl\lIwcl II III nulwrl~lls. ;Ill(l Iht- {tv(vull tlillmn\lfm\
wrlr sill.lirtl WIIII thr clnlqmwr rtv~lr], “1’hr II*VS hlIMlrl IV
d(%l~ll

.

.
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Iilm, :11111
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(!) Iwllll:lllf.111 Illilillliltll)ll I Illlplld Ill J }!hwr IN!!,

,111(1
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germanium de[ecmr with the minimum effect on :he p~ssive
neutron memurernent. The germanium detecmr end ~ilp hissis
reduced diameter (3. H cm), wrd is 15 cm long. Iligh-d:mity
polye[hylcrre is pkwed hehind the germanium urywrl inside
the vacuum cmristcr 10 mtiintain optimum nmdcrutlon t’~)r
nculrnn delecti(m in he INVS.

Figure I shnws Ihe INVS Model IV, with the gcrm:l-
nium de[ecmr insenetl in the irm[om end c-up, ready l~~r
simulmrcous MeilSUrKlllCrrlS, “lIre operitmr is Intidirrg i) \anl -
plc into the sample holder. “[k sample holder is inscrwd mtt)
Ihe INVS Model IV through the Iop IJt’Ihe Lmun[tr. I:igum 2
is i crtms section view of [he INVS Model IV wi[h~ml Ihr
wmismum (Itwclor ‘1’ilhk I Iisls lCChfliL.ill SPr(.lli,:;lll(mf Ii)r
the neumm IIwcctltm lmdwarc.

As seen in I;ig. 2, the I N prl~porli[~nill utmn!rr$ :lr~.
arriln~cd in 2 rifigs (d’ ~~dc[cc[ors each, ‘1’hc Inmv ring ts
h~a[wl :11;I rmJius (II 7..! L-m ccnlcrml INI [hc •illll[~lt. I’Iw
(Illlcr nng is lt~titd :11il radius (1( 10.() (.”m (.LVl[rrd 1111llw
\illl}l)lc, ‘1’hrrc AMlrl’l; K prc.unplilicrs /2/ i)r~ IISNI i’{)r ltw
Iwo rings (d !I [r prol)orllollill LX)(]!lt~r\. .1%(. pr(l[M)r[ll)ll;ll

tx)unlcr Clculronlcs :trr mljm[cd IIillkrrntly Irrml Ihc wlllnp\

I’Iu 1, I hc , ,wthncol ~nhlil ~<IWIdt. ,ItI,I\ tI ~;f,w I III ,1,,, f, II.

,itr In Ihr h,I, A f, ,DMtImfIWIIIII,I fht II!,,I Ih( /\l\ !f, .,/,//l i! ,,.,

,111,IW fh,. o I ), I\ I,II I* II Iht’ Y( IHIOIIIIIIm ,1(.11 , 1011 I;M II!, I I, , UI.11110 I

,,,1,11/ ,,1111/,/,, 1!11,1Ihl’ ,,1,,1,, /,, II, 11,f,. r /,!, ,: lll,.,l,,, t,.,tl,, ”l



f,

I

k -- mm, ‘ ,
/ I*

-M+!- Iwkg .—
{

L “t 4( 1 I 1’111Wllll ( ir drlrcll)ql:lrc).—
iYGGl~ AT-—---—”–””–– -
iml~;~ll,rs

- ——
%s

——...—— —.—

rd~k z. l{..[”~IIIIttIrIIIIrtI SfWNI~
‘mJr’v7~c–----””- 17Un-v

-,.——

‘ ( ;illr I.lly,l I (wl~i

I IAT;,+----- --~, ,1,‘“””.+....-—.

Table 1 Per-fcsrrrunce

Torids Efticlerwy 43.5’% I

IXc-Away TmE 5-I ps
Deodlme Cdi went.. a= 1.15fls

YT-annels) b = ().575Js~

~uiuf [M Retiorr~ 11 m

I (7 m wish Ge dcleclof in phtcc)

~Reals respmmc deviation of I 1% or less.

used for 4-~lm 3He proportional counwrs. We usrd N
[hreshold tidjusimersl for ;he AMFTEK preamplifiers Ihill
pmvidd ir corm rmc at 1250 k equaJ 10 I ~, d’ th,: cmml r:ue
it[ 17Hf) V. Table 2 lists rexmmmnded sctlirgs for lhc high
vollitge and shifl-rtgister coincidence elccmmics.

The p@mrnmux chnrwmxislius of lhr I NV \ M(xlcl IV,
M memwed wi[h small ~s~(’f sources, tiw mnm::lri?rd in
T:lble 3,

MCiMU~lllCrll d’ S;mlplcs I n~i(lr :1(.; love I+ox

U“hcm:w IN’JS drsi~yl pnwi(!cs mruwlrrlnrlll lrwll[i tit
Illkh ;Iucurm.y illl(l prrri~lfm, “1’hc lll~h Ilcllllllll IlrlCtill(lll
t-ll”il’irncv pr(wl,l:.s hrllcr plml\IIm hv prfwl(ll~l~, Iwltrl
(’lllllllill~ \[~llhllL”S. “l”h~ Illllllllli!l cflc(’t of (“hilll~lll~y lhl” \iilll
1A- Pt)sill{nl wIfhlII thr tlh-:l\lmcllwnl chmnlrrr pr~wl(lli hrlmr
m“(”urilry by prlwi{llng .1 Ililllrr WXI:II rripi)nw I“U(J I whl
IlwilWlrIucnl (.nnqwigr]~ lIilvr rr(rlllly rv;IIII;Ik(l IIK- INVS
MIM!C[ IV Iwlttmmlln”r wIlh well l’h;mclrtilc(l [rltmrcm”r
Ilmlrrmls, AX”III;ICWS (d () $’1 wrrr :whw~ril m l~llh I.11111
lIr\ In rc:lv~!lillllc ctNlnl Ilttwi “l’lit. l:i[~c~l 1111.iI\lilt’111(.111
II I:t”r Il:lIIllv m lhc\r irwlh\ 1’:IIIw Inrrli hr LINIIIIIIIp \hIII\l Io
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docunmmted for the pcrwder somples. I.onger count times
and statistical ti![cring of Ihe dti[:i would improve [hc rmul[s.
This evirlumion itlso demonstmwd [he imprmmruc ~jf simple
posi[iorrirtg tcsr improving nwasurernen[ :Iccuritcy.
Differences in geometry fxtwrxn ~llels ml powder ~nd
differences in the t.ontainers both irnpitc[ed the xxur~cy d
the mcirsurernem resul!s. The presence of HEII in some of
the MOX items caused a meitsumble hiits Iwcm.rse of sample
multipl icmion.

Simulmneous Metisurerncnt of Isotopics ml ~4~hlr Effective
Mass.—. ——— . . .—. .— ————.—.

We combine mdimmirl neuwon cmrrcidencc measure-
ments w-kfr knowledge of Ihe plutonium isolopics m calculate
Ihe plumtium mass fmm Ihe Inensured rwumon coum rules.
‘Ilie INVS Model IV citn l-r ou[fittcd wi[h t brmom end plug
[hilt tillnws the insertion of ir gerrmnium detecmr inm Ihe
sumple cirvily. A cusmmized gcmmniurn dcttxtor is used to
minimize tic effects on [he rwumsn cmsming, ‘1.in tihcrs were
used frrr the germanium deteclor Ixxsust t!le use ot’ cdnium
would impil~l [he neuir(ln dc[cctor t!fficicncy. “Ilre hwtom of
Itie sumple holder is rJiscd 4.13 cm when [he gcnnmrium
[Ictcclor is in pcssilims. .I?ris cimtigur;uion :dlows simull;me
~ms nwmuremcrri of [he pimive gi.tmmir-ruy signul ilnll IIIC

pirssivc neu[ron signill “I”hcsump]c plumnlum rnirss CUII he
dctcnnhred fmm Ibis mrmsurrnlcrrt cxmtigurntitm JIOIK.

We iirc presently cvilllliltln~ the pcrfl~mutncc {)! IhC
cxmlbi ncd INVS trnd wl~~pics sys[cm M 1AM Alillnos, “Ille
;Mdi[itm ot”the gemxmium cxmnml dtres INM hiiv C :1 signiTl-
~.iinl cffcc[ on the ;k’~UriIL’Y {)1” the INVS nr!umm nre:lsurc -
Inrn Is. “1’hcncumm dctccImn rtlil”lcnt’y IS dccreoscd ().2’:?
by Ihe gcnnnnlum dctccl[~r .I”iltllr! IV Iisls prrllminwy ITsulls
t’or lllCilSU~lllClllS 1)1) \ix \illll[llCS.

“1’LSMC Iv. Is(m)plcs Mcmuremclll Kc\ull!l

If;l’.llon 2,U)I>(,l.[”(~[lve

(’INIIM IIIIICS III I(IIN) III I(MH) s iIllIIw IIS III nw:iwlrc Ihr-
Ir:lull,III ,,f .’.l~)l*II (.lfr~livr. with JII utl(,rrtllinlv 1)1 1 1~~~’~,.

Wr rxlrrl I Ihill I:lrgcr wllnlllrw WIII Iw IIWN\IIII’11 wIlh :111
1111{’CrlilllllV (d Jplllll Illll;llCIV f),~’? Ill ;11111(1111

l~slllll:lllllll! I Ihr (If, 11)Millr

S;lllllllr 111111111)11( ’illlllll l\ )! Cllrl,lllv nr~li~lldr 1!11 \lll;lll

Wllllpltw (11 pllllonllllll ( IIlluxlllrllllv III(’ 111111111111(’;ltl!lll (’{u

lrtli~m TS11111~rnrf:lllv Ilwll I(}r INVS 11:11~1lr~lut 111111.I hr

INVS M~rnlrl IV L’:111lx- uwl I(I Ilwililllr thr “1’11+1rtl”rt. [lvr

IIIIIW WIIl lhr (:1, n) nrl HIIw l:ltr t~w Ihrw mm IImlllplvin}!
VII IIplr S. “IIIIS n~r:lwllr~l UIIIII:I vnlur 1.iIn llIr II Irr IIWII [III ihr-
Iwlh IIrw, s IIINI ;Irc Irlnt-wnlml IIV thr SIII:III WIIIIplC III Ilw
INVS ~,mlltrl I’hr lIIIlh Ih-nli 111111{1Iw ttw:l~lllr~l II\Inp.

rXI’lllll}l r(llllllllwllt :Iml the hm)wn Jlph:l ~ln.llv~l~ ltwlh!ml
Ill

I In. 111. II IIIuI 14NIN Itlrlnr I 1111111I,llr Ilrlr/llllnr\ Ihr ~ 1(11’11
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~xmnt rwe cm k comhirwd WI III Ihe IOU] ncu[r(m rtmrrt r~le
m provirk ;ln cslimute of a. [he m(io of [he (m n) ml s~m-
imwous tissiorr ristes. Since ch~mges in [hc ncu[rrm energy
ii(f~~t [he neu!ron rfewc[ion cftlciurcy. Ihc INVS %lodcl IV

CMI red Ihe ~1[e delcutor rings sepmr[cly. “l’he mlio ot’ Ihc
inner m rsurcr loud ncmron count rates CM be uwl 10 pmvidc
im effrcicncy corrcclimr t’or Ihe (u, n) nr!umms [hir[ genemlly
differ in energy from [hc fissiurr neumms. ‘[his mcthml 01”
estirrur[ing u requires irrr wur~te totals metisurcmen[, which
implies an ilc~urilie virluc for [he birckgrmsnd riue. This
me[hml is king Cvfiluil[eda[ Los Akrmos wilh impure sirm-
ples of PuOZ,

SLMMAEx

The rneirsurcrnerrt god of high :wcurircy hits ken
whieved, Two different Iield evtilufitimrs hirve dcnmnsml[cd
htilf. pcrccrrt or bct[er results for [he ncrrtmrr tx~inc”idcncc
counting o!’ smidl sirmplcs. IIolh on-siw lilh)r~l(t~ IIW mrcl
inspectors wilh pormhle equipment cmr tilkc iulvom;Igt (d
this improvcmerrt in [he trchnique. The idilti[m of the IsrJ-
Iopics cfipahility will m;lke [he INVS less l)(~~ill)l~, hut Ilw
sonw :Ipplicistions the high-rcwdution gwnnur. rJy spccmmlc-
[ry hmlwisrr is ilvi}il~trlc JI IhC mspe{thm SIIC. ll)L. iitlllli~ I(I
L’lnllll [he gtirnmu-my ;11111nculnm SigllillhSllllllllilllC{lllSIV IS

:Illrilulive10 inq~cmm,
‘1’hc glove -ln)x inslulliuitul 01 IIw INVS IS bri:lg uwl

Ircqucnlly. [1 htis lhe ill!villll[l~~ I)( rCdllCiflg Ihc WlllplL.

hilt)dlitlg hy Iwrwulncl und rcducinl! Ihc W:IWC gener;lwd hy
Ihc hil~ (1111 prrwdurr. ‘I”hc lnc.r~ilsc(l inwrm III nl]nlmllln~

Illlxcd Wil\lC SIIIJUIII Ilclp dirct”t nlllm ;Utenli(m If) IIIC lX\/S
MIUICI IV ,IS il lMIICIIlliIlIIICJISIIWII1l.111 IITIIIII(IIIU.
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